Communication
Applicability of PCR-based clonality assay in dogs with multicentric lymphoma [ Lymphoma is the most common hemolymphatic neoplasia in small animals. Diagnosis is based on malignant morphology criteria seen in cytopathology and histopathology slides (Burkhard and Bienzle, 2013) . Phenotyping and staging may contribute to prognosis, but cannot be assessed only by morphologic diagnosis, requiring other diagnostic techniques (Bienzle and Vernau, 2011) . Moreover, diagnosing neoplasia only by morphology can be challenging in some situations, such as in early stages of lymphoma, neoplasia involving more mature cells, chronic lymphoid leukemia and aspirates with few abnormal cells (Burnett et al., 2003) .
PCR for Antigen Receptor Rearrangement Assay (PARR-assay) is a molecular-based tool with several applications for lymphoma and lymphoid leukemia diagnosis (Avery, 2012) . PARR-assay targets receptor genes that, due to genetic rearrangement during lymphoid maturation present a unique size and sequence for each normal lymphocyte, However, neoplastic lymphocytes descend from a single clone, thus presenting receptor genes with same sequence and size. PARR-assay amplifies these receptor genes. Since normal and reactive lymphoid tissues have many lymphocytes with different sized receptors, PCR products tend to form polyclonal bands or smears after gel electrophoresis. Meanwhile, lymphoma PCR products form single bands, since most of the lymphocytes from the sample present a singlesized gene (Burnett et al., 2003) .
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Recebido em 18 de agosto de 2016 Aceito em 10 de outubro de 2016 *Autor para correspondência (corresponding author) E-mail: nayro@vm.uff.br As such, PARR-assay's main applicability is to differentiate neoplasia from reactive hyperplasia when microscopic evaluation does not confirm diagnosis (Avery, 2012; Burkhard and Bienzle, 2013) , but it also provides useful information, such as phenotype and involvement of blood and bone marrow (Burnett et al., 2003; Keller et al., 2004; Lana et al., 2006) . Furthermore, unlike other techniques, this can be performed using DNA extracted from air-dried stained fine needle aspiration cytopathology (FNAC) samples, archived for years, with reliable results (Štoos-Veić et al., 2010) .
There are still relatively few studies based on PARR-assay, and there are no previous studies described in Brazil. This study aimed at developing a PARR-assay protocol for canine lymphoma diagnosis based on already published studies and applying it in phenotyping cases of lymphoma from fresh samples and archived FNAC slides.
The protocol of this study was submitted and accepted by the Comissão de Ética no Uso de Animais of Universidade Federal Fluminense (UFF), under protocol n. º 689.
Lymph node aspirate samples were collected from ten canine patients diagnosed with multicentric lymphoma confirmed by FNAC with no history of previous treatment with chemotherapy. In addition, fifteen FNAC slides of lymph node from the hospital archives were also assessed for adequate material and included in this study. A reactive lymph node sample was used as negative control. Aspirate samples were submitted to extraction using Wizard ® Genomic DNA Purification Kit (Promega, USA), following the manufacturer's guidelines for each sample. FNAC slide cells were recovered by using a scalpel blade. These samples were submitted to extraction using Invisorb® Spin Tissue Mini Kit (Stratec, Germany), following the manufacturer's guidelines. After extraction, DNA from each sample was quantified by using Quantifluor ® (Promega, USA).
Amplification protocol and primers were based on the original study (Burnett et al., 2003) . Four sets of primers were used: Two sets for detecting IgH segments (B-cell receptor clonality); one set for TCRgene segments (T-cell receptor clonality); and one C set to detect the constant region of IgM in order to ensure adequate and amplifiable lymphoid DNA in each sample, resulting in a single 130bp pcr-product. All samples were first tested for C primer set. Only C-positive lymph-node samples were submitted to IgH and TCRprimer sets to detect receptor clonality, since a negative result in Cindicates lack of amplifiable lymphoid DNA.
Each reaction consisted of 200 nM of each primer and 5L of DNA template, corresponding to at least 100 ng of DNA. Polymerase used was GoTaq Flexi DNA polymerase ® (Promega, USA). Minor changes were made to the original cycling profile. Samples were heated to 95°C for 5 minutes, then submitted to 94°C for 8s, 60ºC for 10s and 72ºC for 15s for 35 cycles. Samples extracted from slides were submitted to 40 cycles in order to maximize final yield. Final extension time of 5 min at 72ºC was used. PCR Products were then submitted to 12% polyacrilamide gel electrophoresis (1 mm thick) with 1x TAE buffer.
Following electrophoresis, gels were stained with ethidium bromide 0,5% and visualized under UV light. Positive reactions should show one, rarely two dominant clonal bands after electrophoresis. Negative reactions (or not clonal) show no bands, faint and multiple bands or a diffuse smear.
Amplification for Cwere as shown in Figure 1 . C amplification had positive results in all ten aspirate samples, demonstrating adequate amount of lymphoid DNA for molecular analysis. However, 5/15 (33%) of the FNAC slide samples from the archives had no detectable lymphoid DNA, even with the extended cycle protocol. A study by Štoos-Veić et al. (2010) using archived FNAC air-dried and stained lymph node and bone marrow slides for up to ten years of storage for molecular diagnosis achieved a good quality DNA for 100% of lymph node slides and 75% of bone marrow slides. Stained FNAC slides have proved to be as reliable as paraffin-embeded-tissues as a source of DNA for clonality assays even when presenting great numbers of naked nuclei (Štoos-Veić et al., 2010) . The reason of failure is not clear, but, probably, DNA yield following amplification was not enough to be detected, due to an already low yield of DNA after extraction.
Amplification for IgH and TCR were then performed in the 20 samples positive for lymphoid DNA, and results were as shown in Table 1 . The PARR-assay is a sensible test for detecting phenotype, since a study comparing it with immunohistochemistry (IHC) and flow cytometry (FC), found out that PARR-assay, even though having a lower sensitivity than FC, is useful in detecting phenotype when IHC is not accessible (Thalhein et al. 2013) . Thus, it can be inferred that this study presented 60% of B-cell lymphomas and 40% of T-cell lymphomas. This possibly reflects a prevalence of B-cell lymphomas over T-cell lymphomas in the region of the study. This finding, if confirmed with greater sampling, is similar to those of other studies around the world (Thalhein et al., 2013) .
Indeterminate results were found in  (25%), demonstrating no receptor gene clonality, even though lymphoma was confirmed in cytopathology. Lymphomas with no receptor gene clonality are usually found in PARR-assay studies (Burnett et al., 2003; Lana et al., 2006; Thilakaratne et al., 2010; Thalhein et al., 2013) . This reflects the sensitivity of the primers in binding to the targeted regions, since rearrangement can result in a sequence of nucleotides that the primers cannot bind to. In addition, lymphomas with mutations on binding sites, deletion of receptor genes and NK-lineage lymphomas should also be considered (Burnett et al., 2003; Avery, 2012) . Our study has shown an assay sensitivity of 75%, which is similar to other studies (Lana et al., 2006; Thalhein et al. 2013) .
It is worth noting that these primers were designed before the complete canine genome had become available. New IgH and TCR primer sets based on the canine genome information were designed and have the potential to increase PARR assay overall sensitivity (Tamura et al., 2006; Yagihara et al., 2007) , but should be further tested. In addition, the importance of rearrangements other than IgH and TCRin canine lymphomas should be assessed in order to maximize sensitivity and standardize PARRassay, following what was achieved in clonality assays for human lymphomas (Van Dongen et al., 2003) .
In conclusion, we successfully applied the PARR-assay in our hospital routine diagnostics of lymphoma patients with a similar sensitivity achieved in previous studies. Positive samples have shown a prevalence of B-cell lymphomas in our region, but a larger sample size should be assessed to better confirm this statement. We suggest standardization of the technique to increase overall technique sensitivity. Currently, our intent is to enhance sample size for both fresh samples and FNAC slides, to raise data about lymphoma phenotypes in our region, and to include blood and bone marrow samples in order to evaluate PARR-assay staging potential.
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